The essential oils from Magnolia grandiflora and Chrysactinia mexicana leaves, and from Schinus molle leaves and fruit, were characterized by gas chromatography/flame-ionization detection and gas chromatography/mass spectrometry. Twenty-eight compounds from M. grandiflora leaves were identified (representing 93.6% of the total area of the gas chromatogram), with the major component being bornyl acetate (20.9%). Colorless and yellow oils were obtained from the C. mexicana leaves with 18 (86.7%) and 11 (100%) compounds identified, respectively. In both fractions, the principal component was sylvestrene (36.8% and 41.1%, respectively). The essential oils of S. molle leaves and fruit were each separated into colorless and yellow fractions, in which 14 (98.2) and 20 (99.8%) compounds were identified. The main component was -phellandrene in all fractions (between 32.8% and 45.0%). The M. grandiflora oil displayed antifungal activity against five dermatophyte strains. The oils from S. molle and M. grandiflora leaves had antimicrobial activity against Staphylococcus aureus and Streptococcus pyogenes, which cause skin infections that potentially may lead to sepsis. However, the antioxidant activities of all oils were small (half maximal effective concentration values >250 g/mL).
For the study reported herein, we characterized the compositions and the antioxidant and antimicrobial activities of the essential oils from M. grandiflora, C. mexicana, and S. molle against the bacteria Streptococcus pyogenes and Staphylococcus aureus, and fungi of the genera Microsporum, Trycophyton, and Epydermophyton, all of which cause skin infection. Table 1 shows the chemical compositions of the oils. For M. grandiflora oil, 33 GC signals were observed of which 28 were identified. Sesquiterpene hydrocarbons comprised 45.7% of the components, with the main constituents being bornyl acetate (20.9%) and E-caryophyllene (15.1%). These findings differ from literature reports; Wang et al. found the main components of the oil from the leaves to be -elemene and 2,6-dimethyl-6-bicyclo-(3.1.1)hept-2-ene-3,7,11-trimethyl-1,6,10-dodecatrien-3-ol [4] , whereas Jimenez et al. reported that -pinene and germacrene-D were the most abundant constituents [5] . Schühly et al characterized the essential oil from the fruits of M. grandiflora and found that β-elemene and bornyl were the main components [6] .
For the C. mexicana colorless oil, 26 GC signals were observed, of which 18 were identified. The main components were monoterpenes (52.5%), the major one of which was sylvestrene (36.8%). For the C. mexicana yellow oil, 11 signals were observed and identified, with the major components being sylvestrene (41.1%) and limonene (26.1%). Most of the components in this oil were monoterpene hydrocarbons (88.7%) ( Table 1 ). The C. mexicana colorless oil contained a greater variety of compounds than did the yellow oil. In addition to monoterpene hydrocarbons, it also contained a substantial amount of hydrocarbons and oxygenated sesquiterpenes. Only a few reports have been published concerning the essential oils from C. mexicana. Cárdenas et al. characterized the essential oil from the leaves and reported that its main components were eucalyptol and piperitone [7] . Our working group has reported on the essential oils from C. mexicana roots [3] , which we found to contain 5-(3-buten-1-ynyl)-2,2'-bithienyl and triquinane sesquiterpenes as the main components. As part of the current search, we also characterized the essential oil from C. mexicana leaves, and, unlike Cardenas et al., we found that sylvestrene and limonene were its main components.
The gas chromatographs of the colorless and yellow oils from S. molle leaves contained 21 and 14 signals, respectively, of which 20 compounds from the colorless oil and all compounds from the NPC Natural Product Communications yellow oil were identified. For both oils, the majority of the compounds were monoterpenes (62.9% and 90.1%, respectively). The major components in the two fractions were -phellandrene (32.8% and 45.0%, respectively) and sylvestrene (34.3% and 22.3%, respectively; Table 1 ). Notably, the oils from the leaves did not contain oxygenated monoterpenes. The colorless oil also contained more sesquiterpene hydrocarbons and oxygenated sesquiterpenes than did the yellow oil (Table 1 ). These findings are consistent with those reported previously; oils extracted from S. molle leaves found in Tunisia [8] and India [9] contained -phellandrene as the main component.
For the colorless fraction of the oil from S. molle fruit, 15 GC signals were seen, of which 14 were identified. The main components were -phellandrene (41.3%) and sylvestrene (38.5%), with 96.0% of the identified compounds representing monoterpene hydrocarbons. For the yellow fraction, 17 signals were observed, with 16 identified. The major compounds were -phellandrene (39%) and sylvestrene (36.4%), with 90.8% as monoterpenes (Table 1) . Oxygenated monoterpenes were not found in this fraction. This result agrees with those of other studies, for which -phellandrene was found as the main component [10] .
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The antimicrobial activities of the oils were tested using bacteria (S. aureus, S. pyogenes) and dermatophyte fungi (Trichophyton tonsurans, T. mentagrophytes, T. rubrum, Epidermophyton floccosum, Microsporum canis, and M. gypseum), all of which cause skin infections. Only the oils from M. grandiflora and S. molle leaves showed even low levels of activity against the bacteria. The oil from M. grandiflora leaves had a minimum inhibitory concentration (MIC) of 500 g/mL against S. aureus (ATCC 12598) and 125 g/mL against S. pyogenes. Jiménez et al. suggested that the antimicrobial properties of certain oils are attributable to germacrene D, a major component in the oil of M. grandiflora from Venezuela [5] . We, however, found that the percentage of this compound was small in M. grandiflora (Table 1) .
Both fractions of the oil from S. molle leaves had antibacterial activity against S. aureus (ATTC 12598) and/or S. pyogenes. For the colorless fraction, the MIC values were 250 and 125g/mL, respectively, and for the yellow fraction the MIC against S. pyogenes was 250 g/mL. Our results for antibacterial activities corroborate previous findings that revealed low activities of this oil against Escherichia coli, Bacillus cereus, methicillin-resistant S. aureus and Micrococcus luteus [11] . The essential oil from the fruit of S. molle did not display antibacterial activity.
In our investigation, C. mexicana oil did not display antibacterial activity, even at a concentration of 500 g/mL. However, Guevara et al. reported that the oil from C. mexicana root was active against two strains of S. pneumoniae [3] , but, as mentioned above, the compositions of the oils from the roots and leaves of this plant differ substantially.
Regarding the anti-dermatophyte activities of the oils, we observed that the M. grandiflora oil completely inhibited E. floccosum viability. In addition, we observed growth-inhibition zones of 20 mm for M. gypseum and T. mentagrophyte, 25 mm for T. tonsurans, and 27 mm for T. rubrum, which represent good antifungal activities. We did not observe inhibition against M. canis. Bajpai et al. studied the anti-dermatophyte activity of Magnolia liliflora oil and reported growth-inhibition zones between 17 mm and 26 mm for T. rubrum, T. mentagrophytes and M. canis [12] .
The S. molle and C. mexicana oils we produced were not antidermatophyte in nature, although Cárdenas et al. reported that C. mexicana oil is active against the filamentous fungus Aspergillus flavus [7] , and, as reported by Dikshit et al. [9] , the oil from S. molle leaves is active against several species of Trichopyton. The difference between our results and those of Cárdenas et al. may be attributed to the substantial amount of oxygenated monoterpenes found in their preparation. The absence of anti-dermatophyte activity in the oil from S. molle leaves found in our study may be attributed to the different strains of fungi tested.
The differences in the anti-dermatophyte activities for oils from M. grandiflora and other plants may arise because the M. grandiflora oil had a large percentage of oxygenated monoterpenes (32.4%), which have been associated with biological activities, including antimicrobial and antioxidant [10] . Potentially, the M. grandiflora oil may serve as an antifungal agent for certain skin diseases, e.g., cutaneous candidiasis and dermatomycosis.
We found little if any antioxidant activity associated with the oils; the amounts of chemically reduced 1,1-diphenyl-2-picrylhydrazyl (DPPH, free radical) indicated half-maximal effective concentration (EC 50 ) values >250 g/mL. The oil from M. liliflora has been previously reported with antioxidant activities, with an EC 50 value of 10.1µg/mL [12] . Due to this report, we initially assumed that the oil of M. grandiflora could present antioxidant activity, however, we found that the oil could chemically reduce 4% of DPPH (at a concentration of 250 g/mL), indicating a very low antioxidant activity.
The oils from S. molle leaves and fruit had no antioxidant activity (EC 50 values >250 g/mL). Conversely, Hosni et al. reported weak antioxidant activities (17%-28% reduction of 200 g/mL DPPH) for the oil of S. molle fruit. [10] . They proposed that thymol, carvacrol, and borneol in the oil would be good antioxidants, and the relatively small antioxidant activity correlated with the small concentrations of these oxygenated monoterpenes. Notably, our oils did not contain these compounds.
In addition, in agreement with our results, antioxidant activity in a C. mexicana oil has yet to be reported, even at the highest concentration tested in this study.
Given our results, we conclude that the oils from M. grandiflora and S. molle leaves are slightly active against S. aureus and S. pyogenes. The M. grandiflora oil also displayed an anti-dermatophyte activity against T. rubrum, T. tonsurans, T. mentagrophytes, M. gypseum, and especially against E. floccosum. The plant oils included in our study did not show relevant antioxidant activity in the DPPH assay.
Experimental

Chemicals and materials:
C8-20 n-alkane standard solution, dimethylsulfoxide, oxacillin, vancomycin, DPPH (2,2-diphenyl-1picrylhydracilo) (Sigma-Aldrich); Mueller-Hinton agar plates bovine blood-supplemented, cation-adjusted Mueller-Hinton broth 5% lysed horse blood-supplemented (LHB-CAMHB), potato dextrose agar (BBL, Becton Dickinson); NaCl (J.T. Baker). 
Microorganisms
Plant material:
The plant materials were collected in November, 2010. S. molle fruit and leaves and C. mexicana roots were collected in Arteaga, Coahuila, Mexico, and M. grandiflora leaves in Allende, Nuevo León, Mexico. Specimens were deposited in the herbarium of the Facultad de Ciencias Biológicas, Universidad Autónoma de Nuevo León.
Essential oil extraction:
Ground fresh plant material was individually hydrodistilled in a Clevenger type apparatus (100 g/L water) for 4 h. The oils obtained from C. mexicana and S. molle were collected as 2 fractions (according to their distillation order). One fraction from each source was colorless, and the second was yellow. The oils were dried with anhydrous Na 2 SO 4 , weighed, and kept at −4°C until characterized.
GC:
Oil samples were subjected to GC using a system consisting of an Autosystem XL gas chromatograph equipped with a flameionization detector (Perkin Elmer) and a HP-5MS column (Agilent technologies) (30 m  0.25 mm i.d., 0.25-m film thicknesses). For chromatography of the 2 oils from S. molle fruit and leaves, the oven temperature was held at 60°C for 1 min, increased at 8°C/min to 120°C, held at 120°C for 1 min, increased at 25°C/min to 150°C, held at 150°C for 1 min, and finally increased at 8°C/min to 280°C. For chromatography of the 2 oils from C. mexicana, the oven temperature was held at 60°C for 2 min, increased at 5°C/min to 100°C, held at 100ºC for 2 min, increased at 5°C/min to 150°C, held at 150°C for 2 min, and finally increased at 11°C/min to 200°C. For chromatography of the M. grandiflora oil, the oven temperature was held 60°C for 3 min, increased at 10°C/min to 280°C and held at 280°C for 3 min. The injector and detector temperature was 280°C. The flow rate of the carrier gas (helium) was 2.0 mL/min, and the split ratio was 1:20. The injection volume for each sample was 2 L of an oil solution (2 mg/mL in methylene chloride). The percentage of each compound was calculated by dividing its peak area by the total peak area of the sample and multiplying by 100. It was assumed that the detector response was the same for all compounds. GC/MS: GC/MS was performed using an Agilent Technologies 6890N gas chromatograph (column dimensions, 30 m  0.25 mm i.d., 0.25 m film thickness) connected to a 5973 INERT selective mass spectrometer HP5MS. The ionization-source temperature was 230°C, the quadrupole temperature 150°C, and the injector temperature 220°C. For each run, the GC oven temperature was held at 35°C for 9 min, increased at 3°C/min to 150°C, held at 150°C for 10 min, increased at 10°C/min to 250°C, increased at 3°C/min to 270°C, and finally held at 270°C for 10 min. The flow rate of the helium carrier gas (99.999% purity) was 0.5 mL/min. The ionization energy was 70 eV. The samples were injected in the splitless mode. The injection volume for each sample was 2 L of an oil solution (2 mg/mL in methylene chloride). MS were acquired in the scan mode. The oil components were identified by comparison of their retention index relative to C8-C20 n-alkanes, and by comparison of their MS with those of the US National Institute of Standards and Technology (NIST) library and reference data [13] .
Antibacterial activities: Antibacterial activities were assessed using microdilution assays according to the National Committee for Clinical Laboratory Standards protocol [14] . The oil concentrations varied between 15.7 and 500g/mL. Oxacillin and vancomycin served as controls (4-64 g/mL). The final concentration of each microorganism sample was 1  10 4 colony forming units. The MIC for each oil was defined as the minimum concentration that stopped growth.
Anti-dermatophyte activities:
Anti-dermatophyte activities were assessed by the paper-disk diffusion method using assays according to [15] . The disc containing 5 L of an oil was placed onto each plate, and the plates were incubated at 30°C for 48 h. The halos of growth inhibition were measured in mm [15] .
Antioxidant activities:
The percent chemical reduction of the freeradical DPPH was monitored by ultraviolet-visible spectroscopy at 517 nm [16] . The final concentrations of the oils ranged from 0.24 to 250g/mL. Solutions of quercetin, rutin, and pyrocatechol (250-0.01 g/mL) served as positive controls.
